Abstract: The complexes Re(L)(Co)3(~-diimine) and Ru(E)(E')(C0)2(~-diimine), in which L and EJE' represent an alkyl group or metal fragment bound to the metal by a high-lying a orbital, have a lowest 3bx* state from which they normally decompose into radicals. In the case of Re(benzyl)(CO)g(iPr-DAB) the rate of the radical formation was found to be strongly dependent on the coordinating ability of the solvent. Decay to the ground state is slow due to a weak distortion of the complex in its 3m* state. This weak distortion is evident from the time-resolved IR spectra, which show that the v(C0) vibrations hardly shift upon a--->x* excitation. By the introduction of two a-bonded groups (E and E') in Ru(E)(E')(C0)2(~-diimine) the a-bonding orbital becomes delocalised over Ru, E, E' and the a-diimine ligand and distortion in the 3az* state is further decreased. As a result, the complex Ru(SnPh3)2(CO)2(iPr-DAB) has, in a glass at 77 K, an emission lifetime of 264 p, which is very long compared to those of related complexes having a lowest 3MLCT state (e.g. z= 300 ns for Ru(Cl)(Me)(CO)2(iPr-DAB)). Contrary to these 3MLCT states, the 3az* state may thus vary from very labile and short lived to stable and very long lived depending on the strength and delocalisation of the c bond.
INTRODUCTION
There has been considerable interest in the photophysics and photochemistry of complexes of the type Ru(a-diimine)$+ and Re(L)(C0)3(a-diimine)n+ (n= 0,l; a-diimine= bpy, etc.), which are good photosensitizers for energy and electron transfer processes (ref. [1] [2] [3] [4] [5] . Most Re(L)(C0)3(a-diimine)n+ complexes have a lowest metal-to-ligand charge transfer (MLCT) excited state, but this character can easily be influenced by variation of L . Thus, the excited state changes to ligand-to-ligand charge transfer (LLCT) when L becomes e.g. an iodide (ref. 6) or organic donor molecule (ref. 3) . In the case that L represents a metal fragment or alkyl group, that is to the metal by a relatively high-lying a orbital, an electron may be excited from that a orbital to a x* orbital of the diimine ligand. The lowest excited state then obtains 3bx*
character (ref. 4,7)
. Although the corresponding a-->z*(a-diimine) transitions are rather intense in the case of the alkyl complexes Zn(R)2(a-diimine) (ref. 8) and Pt(Me)4(a-diimine) (ref.9), they may be only a weak contributor to the MLCT band of complexes such as Re(R)(C0)3(~-diimine) (ref. 7,lO) . In the latter case, the 3az* state may then be populated by a surface crossing from an optically accessible MLCT state. In recent years we have studied in detail the photochemistry and photophysics of a series of metal-metal and metal-alkyl bonded complexes having such a 3az* state in order to establish its bonding properties and dynamics. Normally, occupation of a 3ax* state leads to a homolytic splitting of the a bond with the formation of radicals. In the case of the above mentioned Re(R)(CO)3(a-diimine) complexes these are the radicals Re and the radical complexes Re(CO)g(a-diimine). (ref. 7, 10) . In the following sections we shall discuss the behaviour of the complexes Re(L)(C0)3(~-diimine) (L= alkyl, metal fragment) and Ru(E)(E)(CO)2(a-diimine) (E,E= halide, alkyl, metal fragment), which have the general structures depicted in Fig.1 . IR spectroscopic study has been performed in different solvents (ref. 7, 13) . The picosecond absorption spectra in toluene showed a transient absorption at 500 nm formed already within the 30 ps excitation pulse. In the nanosecond spectra the same transient species was observed which transformed completely with a lifetime of 250 ns into a radical product absorbing at 390 nm (Fig.3) . The solvent had a dramatic influence on the time-resolved spectra since the transient species was not observed upon irradiation of Re(Bz)(CO)g(iPr-DAB) in THF or another coordinating solvent. Instead, the solvated radical Re(S)(CO)g(iPr-DAB In a glass at 80K, the metal-metal bonded complexes Re(MoL,,)(CO)3(a-diimine) ( 
Re-COMPLEXES: REACTIVE AND STABLE STATES

Ru-COMPLEXES: FIRST EVIDENCE OF A DELOCALISED 30n* STATE
In order to obtain a much greater variation in excited state character, we have extended our investigations to complexes of the type Ru(E)(E')(COh(a-diimine) in which E and E can be varied independently. Just as Re(Me)(CO)g(iPr-DAB) (vide supra), the complex Ru(Cl)(Me)(C0)2(iPr-DAB) has a lowest 3MLCI' state (ref. 17) . However, contrary to the Recomplex, the 3 m * state is now too high in energy and, as a result, the Ru complex is photastable. Photomtive complexes were obtained by replacing the methyl ligand by an isopropyl or benzyl group. The complexes Ru(I)(R)(CO)2(iPr-DAB) (R= iPr, Bz) even decomposed photocatalytically since homolysis of the Ru-R bond was followed by an electron transfer chain reaction
initiated by the Ru(I)(S)(CO)2(iPr-DAB). radicals (ref.18).
Kecent time-resolved FT EPR measurements on some of these Ru(I)(R)(CO)2(a-diimine) (R=iPr, Bz) complexes have shown that the radicals R. are formed from an excited state having triplet character (ref.19). Unfortunately, these (3an*) excited states were too short-lived to be detected with nanosecond timeresolved absorption spectroscopy. The situation changes completely when both E and E' represent a a-bonded ligand such as a methyl ligand A detailed study of the photochemistry of a series of Ru(E)(E')(CO)2(iPr-DAB) (E,E'= Me, SnPh3, PbPh3, GePhj, Mn(CO)5, Re(C0)s) complexes showed that one of the Ru-EiE' bonds is broken homolytically and that this bond breaking is highly selective (ref. also expected to be only weakly distorted with respect to the ground state. This is in fact the case since the nanosecond TRIR spectra of this complex measured in a glass at 80 K showed only very small differences between the wavenumbers of the Castretching vibrations of the complex in its ground and 36x* state (Fig.4, right) (ref.14) . The corresponding spectnun of Ru(Cl)(SnPh3)(CO)2(iPr-DAB) shows a shift of the v(C0) vibrations to higher frequencies by 18 and 29 cm-', respectively (Fig.4, left) , which is characteristic of complexes having a lowest excited state with (partial) 3MLkT character. The weak distortion was also evident from the emisson data (ref. 21) . Table I shows the emission properties for three representative complexes at 80 K. The excited state of Ru(Cl)(Me)(COh(iPr-DAB) has mainly 3MLCT character, a large apparent Stokes shift and a high value of knr, which result in a rather short lifetime. For Ru(Me)(SnPhg)(C0)2(iPr-DAB) the lowest excited state has 3m* character and the complex is only weakly distorted in this state as can be seen from the much smaller Stokes shift and knr value and the much longer lifetime. An extreme situation occurs for the complex Ru(SnPh3)2(CO)@r-DAB) for which the delocalisation of the Q orbital results in a very small Stokes shift and value and in a lifetime of 264 ps, which is extremely long for a charge transfer state.
